Cranioplasty is the surgical repair of a bone deformity of the skull. Autologous bone grafts are preferred more since the cranial bone flaps will not be subject to rejection by the host and they lower the entry of foreign materials into the body. Preservation of cranial bone flaps is done in numerous ways, namely cryopreservation after a decompressive craniectomy, intracorporeal preservation and cranioplasty with subcutaneously preserved autologous bone grafts. The method of preserving cranial bone flaps using cryopreservation has many advantages; it is a safe, simple and an effective method for autologous bone grafts. The cryopreservation is also associated with higher infection rates and bone resorption as complications when compared to intracorporeal preservation. Intracoporeal preservation technique has many advantages, particularly that this surgery is easy, safe and cost-effective. The duration of the operation is short. The autologous bone flaps are not subject to rejection and there is no need for intra-operative bone shaping. Therefore on the basis of review of literature authors concluded that intracorporeal preservation is better than cryopreservation of cranial bone flaps, in terms of efficacy and complications.
INTRODUCTION
Cranioplasty is the surgical repair of a bone deformity of the skull. There are many kinds of cranioplasties. It may be performed for protection of the skull, to improve neurological function and brain metabolism, for aesthetic purposes and to reduce headaches which may occur as a result of some injury. 1 The materials commonly used include plexiglass, methacrylate, titanium mesh and autologous skull flaps. Synthetic materials used for cranial bone defect reconstruction have shown more favorable outcomes as compared to auto grafts. Different synthetic materials ensured different survival rates. 2 Metals were the choice of material for cranioplasty since antiquity but currently autologous bone grafts are preferred more since the cranial bone flaps will not be subject to rejection by the host and they lower the entry of foreign materials into the body. 3 Cranioplasty is performed within 2-3 hours and the recovery period ranges from 1-2 weeks. The incidence of complications related to cranioplasty with cranial bone flaps ranges from 0-46%. 4 Wound infection and bone resorption are the main complications associated with cranioplasty, especially if the skull defects and deformities are large. Cranioplasty methods are also associated with surgical and aesthetic risks, hemorrhage, hydrocephalus, fluid under the scalp and seizures. 1 A bone flap is 'a portion of cranium removed but left attached to overlying muscle-fascial blood supply', as defined by Medical Dictionary for the Health Professions and Nursing. 5 Bone flaps will either be replaced or not, depending upon the type of surgery being performed. A craniotomy is a type of surgery in which part of the bone from the skull is surgically removed to expose the brain. The bone flap is removed on a temporary basis and then replaced after the surgery has been done. 6 On the other hand, in craniectomy, the bone flap is not replaced. 7 The preservation of cranial bone flaps is carried out in a wide variety of ways, each of which have their own benefits and drawbacks.
Decompressive craniectomy is a surgery in which part of the skull will be removed to allow a swelling of the brain to expand. It is used to manage major strokes, malignant edema and intracranial hypertension. It also improves cerebral perfusion pressure and cerebral blood flow. However, meningitis and brain abscess may occur. 8 Preservation of cranial bone flaps is done in numerous ways, namely cryopreservation after a decompressive craniectomy, intracorporeal preservation and cranioplasty with subcutaneously preserved autologous bone grafts.
The purpose of this review was to compare the cryopreservation technique with intracorporeal technique for the preservation of cranial bone flaps, in terms of complications and success rates.
Review of Literature
Literature search strategy The literature databases used for search were Medline, Science direct, EMBASE, PUBMED and Google Scholar.
Inclusion Criterion of studies
Studies directly related to the preservation of cranial bone after decompressive craniectomy and to the two methods of it, intracorporeal and cryopreservation were included in the review. The type of articles selected were case reports, cohort, surgeon general's report, retrospective studies and follow up patient databases. The data was extracted and compared for technique of management and best preservation method and the complications.
Review of Evidence
There is an ongoing controversy in medical literature as to whether cryopreservation or intracorporeal preservation is the better means of preserving cranial bone flaps. Both techniques are feasible and efficacious for the storage of bone flaps.
Cryopreservation or cryoconservation is a process where organelles, cells, tissues, extracellular matrix, organs or any other biological constructs susceptible to damage caused by unregulated chemical kinetics are preserved by cooling to very low temperatures (typically −80 °C using solid carbon dioxide or −196 °C using liquid nitrogen). 9 The method of preserving cranial bone flaps using cryopreservation has many advantages; it is a safe, simple and an effective method for autologous bone grafts.
10,11 Delayed cranioplasty using autologous bone flaps undergone cryopreservation, frozen with glycerol gave clinical and aesthetic results which were satisfactory. 10 In a study by T Beez, Et al. performed the surface analysis of the cyroconserved skull bone after decompressive craniectomy concluded that that the bone flap didn't alter the surface up to 8 months proving the reliability of the method. 12 Very Low incidence rates of infection and severe bone resorption are seen with cryopreserved autologous bone flaps stored in povidone-iodine solution.
11 Cranioplasty performed at least 14 days after initial craniectomy; helps minimize the chances of any infections from the surgery. 13 Although, this method has many advantages but it is also followed by some major post operative complications and in some cases requiring the need of reoperation. In a study, one case was found where there was mild resorption of bone flaps although there was no infection or a need for reoperation for the complications during the follow-up periods.
10 Surgical site infection (SSI) and bone flap resorption have been seen to be the most frequent complications in patients with re-implantation of autologous cryopreserved bone flaps after decompressive craniectomy, statistically shown SSI developed in about 12.8% patients and bone resorption occurred in 4.3%.
14 Cryopreserved bone flap resorption has been seen to be associated with bone flap location. Also, the fragmented bone flaps or those implanted in patients undergone Ventriculo-peritoneal shunts showed a higher incidence of bone resorption causing bone flap collapse. 11 In a retrospective analysis by LH Stieglitz et al 15 100 patients were reimplanted with a cryopreserved autologous bone flap. Out of
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A study on the pediatric patients showed complications in the cranioplasty following decompressive craniectomy for traumatic brain injury. It was noticed that patients of age 2.5 years or younger were having a greater risk of bone flap resorption than the older children, around 50% patients experienced bone flap resorption. 17 The incidence of complication is linked to patients age in many cases and is more frequent in children than adults. 15 Intracorporeal preservation is a way of preserving cranial bone flaps. The flaps are stored in subcutaneous pouches in the abdominal wall. 18 Preservation of bone flaps is also done in the thigh and between abdominal fat and muscle layers. 19, 20 Preservation is feasible under the skin of the left lower abdomen, specifically.
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This preservation technique has many advantages, particularly that this surgery is easy, safe and costeffective. The duration of the operation is short. The autologous bone flaps are not subject to rejection and there is no need for intra-operative bone shaping. 1 Bone union is also possible. There is a negligible infection rate linked with subcutaneous preservation which is a subtype of intracorporeal preservation. It promotes viability of the bone flaps and is also responsible for good cosmetic results. 21, 22 Subcutaneously, preserved bone flaps retain their osteogenic potential and is a simple option for the storage of bone flaps during a decompressive craniotomy. 23 Cranioplasty and intracorporeal preservation is generally performed because of cranial defects and traumatic injuries to the head. In children, who are younger than 3 years of age, congenital anomalies and growing skull fractures are common predispositions to cranioplasty. Cranioplasty serves cosmetic purposes but also provides relief to psychological drawbacks. 24 Classically, cranioplasty material must fit the cranial defect, be inexpensive, easy to shape and work with, resistant to infections and must not become dilated with heat. 25 However, there are a few complications associated with this technique. The bone flaps can be absorbed and shrink, so their size will not match the size of the bone window. Wound healing disorders may occur leading to further operations, with the need for artificial bone implantation. 26 In children, there is a high rate of complications related to cranioplasty after a decompressive craniectomy. This is because children are highly susceptible to bone resorption and this risk increases if cranioplasty is delayed for a time period of 6 weeks or more after decompressive craniectomy has been performed. 27 The reimplantation of autologous bone has a high complication rate. 28 Autoclaved autologous bone reimplantation has a low rate of surgical site infection, but with a very significant rate of bone flap resorption. 29 However, long time span of cranioplasty can be risk factor for acute autologous bone flap infection. 30 The development of bone flap necrosis 31, 32 and the Aseptic bone flap resorption is also a major concern in longterm follow-ups after cranioplasty.
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Bone flap reimplantation should ideally be done between the 2nd and 3rd months after the craniotomy has been performed. Absorption can be avoided if the reimplantation time is less than 6 weeks.
There are a few points to consider when deciding which preservation technique should be carried BONE FLAPS 1262 4 out. Cranioplasty following decompressive craniectomy is associated with a high rate of complication, 16, 34 having surgical site infection and bone flap resorption as the two most common complications. 3 This varies from patient to patient. A study suggests that implant material, early surgery and method of flap preservation have no effect on the rate of cranioplasty infections. 35 In a study by Cheng-Hesin et al. 36 of 110 patients received a cranioplasty of subcutaneous pocket preserved bone flap and 180 received cryopreserved bone flap cranioplasty. Surgical site infection occurred in 18.2% patients in SP compared to 11.1% patients in CP and bone resorption was found to be higher in CP group than in the SP group. It was concluded that SP and CP, both might effective and safe method for the storage bone flap regardless of whether the etiology is TBI or non-TBI. The method employed also depends upon the surgeon's level of experience and personal preference. The technique used also depends by and large upon the equipment which is available.
In another article, patients with traumatic brain injury (TBI), subcutaneous preservation of bone flaps may be the more suitable option. Whereas, for patients of non-TBI etiology, subcutaneous preservation or cryopreservation are equally effective. 37 A study was conducted in which cryopreservation has been known to exhibit a low infection rate (2.3%), low rate of bone absorption (2.3%) and no cosmetic problems whereas the procedure of subcutaneous preservation showed no complications at all. The cryopreservation operation had an average duration of 146 minutes, whereas the subcutaneous preservation operation was completed in an average time of 130 minutes.
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CONCLUSION
The two methods of preservation of the cranial bone flap, Cryopreservation and Intracorporeal preservation, after decompressive craniectomy showed a wide variety of outcomes. Both methods prove to produce good results and yet have some complications in some cases.
Intracorporeal preservation was found to be associated with lesser complication rates as compared to cryopreservation.
Additionally, some other methods like Rapid closure technique have shown to be feasible and safe in decompressive craniectomy. It has also shown to reduce the surgical time significantly without increased complication rates. Cranioplasty performed following Rapid closure decompressive craniectomy procedure is also found to be safe, fast, feasible and doesn't impaired by Rapid closure decompressive craniectomy technique. 
